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Very little is known about the types of structure which are computed during the process of understanding spoken language. What we do know is that listeners construct a representation of the speech input word-by-word as the utterance is being heard, and that both syntactic and semantic information are used in the development of this representation.
This has been shown in, for example, research by MarslenWilson and Tyler (1975, 1980) which examined the use of syntactic and semantic information across an entire utterance. These experiments attempted to track the availability of different types of information as they accumulated over time by contrasting three types of prose materials which differed in their structural organization.
Marslen-Wilson
and Tyler found that wordmonitoring latencies to targets occurring in anomalous prose (syntactically wellformed but meaningless strings) were consistently slower than in normal prose (both syntactically and semantically well formed), and argued that this was because listeners are able to develop a semantic interpretation of a normal prose utterance which facilitates word monitoring performance. This conclusion is supported by the finding that there is no normal prose advantage for the early words of sentences when there is no lead-in sentence to establish the context.
However, the pattern of responses UC~OSS both normal and anomalous prose sentences was the same, in that monitoring latencies in both types of material became progressively faster the later the target occurred in the sentence. This was very different from the results for the third type of prose materials, scrambled strings (which are semantically and syntactically unstructured), where there was no change in latencies across the sequence of words. This finding of serial position effects in normal and anomalous prose, but not in scrambled prose, demonstrates how the increasing syntactic and semantic constraints made available by the presence of syntactic and semantic structural organization across the utterance facilitate the selection and recognition of the target word. The lack of a serial position effect in scrambled prose underlines that this effect is not due simply to increased expectation on the part of the listener toward the end of the string, but rather must derive from the structural properties of normal and anomalous prose materials.
However, the results, as they stand, do not tell us about the domain of this structural organization.
They do not specify whether structural information is used continuously and evenly across the string to develop a representation, or whether syntactic and semantic coherence within a local unit-such as a syntactic phrasemediates between the recognition of single words and their integration into higher level structures, nor do these results tell us how other sources of information which are linked to syntactic structure, such as prosody, contribute to the development of a structural representation.
There are a number of ways in which the distinction between local and global structure might be drawn. In terms of syntactic organization, we might distinguish between global representation in which phrases are related in hierarchical constituent structures, and local structures that involve a small number of adjacent elements within a constituent, such as prepositional or noun phrases. An utterance can then be said to have global organization, in syntactic terms, if its constituent phrases are organized into a well-formed hierarchical structure. Such hierarchical structures are found in the syntactic phrase structure trees that have become central to generative and much postgenerative linguistics (Chomsky, 1957 (Chomsky, , 1965 Matthews, 1981) . Each of the constituent phrases has, in turn, internal focal structure(s) (which may, of course, also have hierarchical structure). To take a simple example, both The man was reading the book and Was reading the book the man may be well formed at a local level (i.e., in this example, within the noun phrases (The man, the book) and the auxiliary + verb sequence (was reading), but only in the first does the global organization of these local units constitute a wellformed utterance.
A distinction of this type, which operates solely in terms of syntactic units, is clearly more applicable to analyses of written language, and ignores a dimension of structural organization which is particularly relevant to the study of spoken language comprehension-prosodic structure.
It has become clear from recent developments in phonological theory that the prosodic structure of an utterance is intimately related to its syntactic and semantic properties (Brown, 1983; Nespor & Vogel, 1983; Selkirk, 1984) . For this reason, we will discuss local and global structure in terms of both syntactic and prosodic information.
The prosodic theory we will adopt is that of metrical phonology (Liberman & Prince, 1977; Nespor & Vogel, 1982 , 1983 Selkirk, 1972 Selkirk, , 1980 Selkirk, , 1984 . In particular, we are interested in the proposal that an utterance is structured into a sequence of intonational phrases. Each intonation phrase contains at least one phonological phrase, and the boundary between intonation phrases is marked prosodically by a closing contour (i.e., a fall in pitch and amplitude, together with pausing effects) (see Warren, 1985) . The phonological phrase is more appropriate as our unit of local analysis, since it is defined syntactically, semantically, and phonologically at a local level, while the domain of the intonational phrase is highly flexible, and may even extend over the whole utterance.
Syntactically, the phonological phrase may be characterized as consisting of a head and its dependent elements (Selkirk, 1980, p. 15ff) . The head of a phrase is the major category item (e.g., noun, verb) which determines the syntactic role of the phrase (e.g., the noun man in the noun phrase the big man). This head may have attached to it within the phonological phrase a number of specifiers, such as the adjective big in the example above, as well as nonlexical or grammatical elements such as the determiner the. Subsequent formulations of metrical analysis, within both phonological and psychological research, maintain essentially the same definition, highlighting the notion of headhood.
The phonological phrase, while defined syntactically, also has certain phonological properties. In particular, it has been shown that certain changes in the pronunciation of words (i.e., the application of phonological rules) will occur within such phrases but not across their boundaries (Nespor & Vogel, 1982 , 1983 . In addition, intonational phrase marking can occur only at phonological phrase boundaries.
As an example of phonological phrasing, consider the example in (1) (from Selkirk, 1980, p. 16) , where the phonological phrase boundaries are marked by "I."
(1) The absent-minded professor / has been avidly reading / about the latest biography I of Marcel Proust
The importance of the phonological phrase for psychological research is noted by Selkirk (1980, p. 21): .' . since every (phonological phrase) ends in the HEAD of a syntactic phrase, . . . the structuring of an utterance into phonological phrases provides fairly direct and easy access to a certain type of information which seems particularly important in unravelling the syntax and semantics of a sentence."
The phonological phrase, then, is not only a significant unit in terms of the prosodic organization of an utterance-that is, in terms of the performance factors of speech production which we might expect to be relevant to speech perception-but is also, through its definition in terms of headhood, a domain of syntactic and semantic cohesion at a subclausal level.
A further feature of the metrical analysis, emphasized by Gee and Grosjean (1983) and of particular importance for spoken language comprehension, is the fact that unlike syntactic phrase structure trees, metrical structures can be constructed on an essentially "left-to-right" basis, that is, as material becomes available and without having to wait until the completion of a clause or sentence.
Metrical phonology thus presents a useful framework for considering how prosodic structure contributes to speech comprehension, and we regard the phonological phrase as a suitable unit at a subsentential level for investigating the specific issues that concern us here. We use the phonological phrase as a local unit to ask whether the global representation which the listener develops of an utterance is mediated by the local organization of this utterance into such phrases. We consider further whether the use of local and global structural information is affected by the availability of a meaning representation for the utterance. Finally, we investigate the functional value of local and global prosodic organization for the interpretation of the utterance. That is, is the developing interpretation affected more by disruptions within a unit of phonological prosodic structure or by ones between such units? These questions are approached by means of the word-monitoring task, as used by Marslen-Wilson and Tyler (1980) . On the basis of a number of studies using this task (Marslen-Wilson, Tyler, & Seidenberg, 1978; Swinney, Zurif, & Cutler, 1980; Tyler & Marslen-Wilson, 1981) , we assume that it is sensitive to the processes involved in constructing a representation of the speech input as it is heard. In addition, we exploit the finding that if listeners are deprived of a source of information which they normally take advantage of when interpreting the speech input, then processing is disrupted and this causes an increase in word-monitoring latencies (Marslen-Wilson, Brown, & Tyler, 1986; Tyler, 1977 Tyler, , 1985 . In the present series of studies, we examine the extent to which various types of local and global information are used during processing by determining the extent to which word-monitoring latencies increase when the information in question is disrupted.
EXPERIMENT 1
This first study was carried out in order to examine the structural implications of local and global variables, independent of the meaning of an utterance. It therefore used sentences which were meaningless but syntactically well formed (Anomalous Prose). These anomalous sentences appeared in five conditions, as illustrated in Table 1 and discussed below.
Recall that in the Marslen-Wilson and Tyler (1980) study mentioned earlier, monitoring latencies became progressively faster throughout an anomalous prose sentence. This was attributed to the increasing syntactic constraints made available by the presence of syntactic organization across the utterance. To investigate the relationship between the local and the global structural organization of an utterance, we first had to establish that this serial position effect held for the materials used in the current experiment.
To do this we included a word-position manipulation in the experiment. This involved having target words appear either Early or Late in a syntactically and prosodically well-formed sentence. These sentences were well formed locally within a phrase and also at the global level; that is, the component syntactic constituents were describable in terms of a well-formed tree structure and the utterance bore the correct prosodic contour for a declarative sentence. In the Early condition, the test word occurred at the beginning of the sentence, whereas in the Late condition it occurred toward the end of the sentence. The mean serial position of the target word in the Early condition was 3 words into the string, and for the Late condition it was 18 words. Examples are given in (2) and (3) in Table 1 , where the test phonological phrase is capitalized. Phonological phrases are marked by "I," and the target word is italicized. The Early sentence version was constructed by substituting the initial phonological phrase with the key phonological phrase containing the target word.
We predict, on the basis of the earlier results, that Late targets will result in faster monitoring latencies than Early, reflecting the extent to which a global representation has been developed.
In addition to confirming the serial position effect for these particular sentences, this first experiment was intended to test the relative contribution to the comprehension process of, first, the local vs the global syntactic structural organization of an utterance and, second, local syntactic vs prosodic information.
The relevance of the global organization of utterances, in terms of the correct hierarchical organization of well-formed local structures, is tested by the Scrambled condition, in which the constituent phonological phrases of the utterance were reordered before recording, thus creating (4) from (3) in Table 1 .
The constraints on reordering were that no two adjacent phonological phrases should keep their relative position, but the serial position of the test phonological phrase (which contained the target) should Within the scrambled set, the reordering of phonological phrases resulted in two subgroups with different types of global syntactic disruption.
In one type the sequence was not actually syntactically ill formed but rather it consisted of a highly marked syntactic pattern, resulting from the cooccurrence of a number of marked structures. In the example given in Table 1 , the structure in (4) is marked because it has a prepositional phrase as subject (&ruing smelly lights), with a prepositional phrase sentential modifier following a sentenceinitial complementizer (because within these signs) and a string of three noun phrases (the house, an orange dream, a slow kitchen) whose syntactic roles are ambiguous. While none of these structures is in itself illegal, they are unusual, and their cooccurrence makes the sentence highly marked.
The second subgroup of items containing global syntactic disruptions consisted of sequences which were not just marked but actually ungrammatical at a global level. The sequential ordering of phrases produced by the scrambling procedure violated syntactic well-formedness constraints. For example, the sequence in (8) below is a syntactically ill-formed version of (7). (We should note that there is some dispute as to what constitutes syntactic well-formedness and, therefore, ungrammaticality in anomalous prose).
(7) Many toes/ were always talking/ with sweets/ and the storm/ never forgot/ to slowly dust/ AN EMPTY FLAG/ after both stamps/ had almost defrosted.
(8) To slowly dust/ never forgot/ with sweets/ were always talking/ merry toes/ and the storm/ AN EMPTY FLAG/ after both stamps/ had almost defrosted
In each type of scrambling, though, the violations typically involve the syntactic relationships between phonological phrases and hence are clearly violations of global syntactic relations as defined above.
These scrambled versions were recorded with, as far as possible, normal sentence prosody, so that it was only global syntactic and not prosodic structure that was disrupted. Furthermore, test words in this, as in the following versions, always had the same serial position as their Late counterparts.
The remaining two conditions in this first experiment tested the importance of the focal organization of an utterance in terms of its syntactic and prosodic structure. If listeners use the syntactic and prosodic in-formation within a phonological phrase to construct this type of local structure, then disrupting either type of information should increase monitoring latencies.
In the Syrztactic Disruption condition, a local syntactic disruption was achieved by inserting an adverb between the adjective and the target noun in the key phonological phrase, causing an illegal adjective + adverb + noun sequence. To maintain the serial position of the target word, the first word of the key phrase was removed. In example (5) in Table 1 , the word "a" is removed and the adverb "very" is inserted between the adjective "slow" and the noun "kitchen."
This manipulation leaves both local and global prosody intact, as well as the global syntactic structure up to the key phrase.' Moreover, the beginning of the test phrase is compatible with the syntactic representation developed up to that point.
If subjects are primarily using the cumulative effect of local structural information to interpret the utterance and rapidly identify the target word, then disrupting the local syntactic unit containing this target word should have a marked effect on wordmonitoring latencies. This can be tested by comparing latencies in this condition with those in the baseline (Late) condition.
In the Phonological Disruption conditions, the word and phrase order are the same as in the Lute conditions, but there is a local prosodic disruption within the test phonological phrase. This consists of a pause (and concomitant prosodic "closure" effect (cf Warren, 1985) immediately prior to the target word. (This break is denoted by "//" in (6) in Table 1 above.) This way of disrupting the local prosodic structure reduced the probability of inadvertently introducing phonetic distortions, such as might result from splicing a period ' This applied equally to target phrases that were noun phrases or prepositional phrases. In the latter case the verb was syntactically compatible with a following phrase with or without a preposition; e.g., "the floor never even called (about) cheerful stones." of silence into the speech wave. There was a danger with this phonological restructuring that the target word might be spoken as part of the following phonological phrase, in which case it might lose both its status as head and its associated phrasal stress. The change in stress might make the target less salient. To reduce this possibility, the target word was followed by new material, as in (6), which was attached to it as sister elements, thus preserving the headhood of the target.
In these sentences both global and local syntactic structures are kept intact. Global aspects of prosody, that is, the prosodic continuity of the utterance up to the key phonological phrase, are maintained, while local prosody is disrupted.
Method

Materials
We constructed a set of 25 Anomalous prose sentences and analyzed them into phonological phrases, according to the definitions of metrical phonology (cf Selkirk, 1980) . One phonological phrase in each of the 25 sentences was selected as the test phonological phrase. This was either a noun phrase (with the structure: determiner + adjective + noun) or a prepositional phrase (preposition + adjective + noun). The target word was always the head noun and therefore the last word in the key phonological phrase.
These AnomaIous Prose sentences were used in the five conditions described above -Early, Late, Scrambled, Phonological Disruption, and Syntactic Disruption. The test phonological phrase containing the same word target was used in all five conditions, and occurred in the same serial position in the sentence in all but Early conditions. The first three conditions (Early, Late, and Scrambled) tested the use of both global and local structural information in facilitating word monitoring, while the phonological and syntactic disruption condi-tions investigated only local prosodic and syntactic organization.
Design
Stimuli. Five versions of the 25 test sentences were constructed as described above, so that the same 25 test words appeared in each of the five conditions of the experiment.
In addition to the 25 test items, there were 60 tiller items, similar in structure to the experimental items. The position of the target word in the fillers was varied, relative to the test items, to remove any anticipation effects. Filler targets were a mixture of verbs, adjectives, and nouns. The sequence of tillers and test items was constant across all five versions. These test and filler sets were preceded by 8 mixed practice items.
Five test tapes were prepared, each with five test items for each of the five experimental conditions. These materials were recorded by a female native speaker of English at a normal conversational rate. Pulses were then placed at the onset of each target word on the nonspeech channel of the tape. These timing pulses (which could not be heard by the subjects) triggered a timing device which was stopped when the subject presssed a response button.
Procedure. Subjects sat in separate study carrels and listened to each stimulus sequence over closed-ear headphones. Their task was to monitor for a target word (printed on a card in front of them) and to press the response button in front of them as soon as they heard the word. After the utterance had been presented they turned over the card and read the next word. The interval between utterances was 3 s.
Subjects were run in pairs. Their monitoring reaction times were registered and displayed by a two-channel electronic counter and recorded on response sheets by an experimenter.
After subjects had responded to the practice items, they were given an opportunity to discuss any difficulties before proceeding with the main body of items. The sessions lasted about 25 min. Subjects. The 30 subjects for this experiment (6 for each test tape) were native speakers of English with no hearing deficit, from the Medical Research Council Applied Psychology Unit subject pool. They were paid for their participation.
Results and Discussion
The data analysis was based on reaction times for 23 of the 25 items.2 Extreme values (over 1000 ms or below 100 ms) were removed, and midmeans were computed for each item across subjects and then for each subject across items, under each condition. The midmeans were used to compute F ratios for subjects (Fl) and item (F2) analyses, with dependent variables stipulated by the design of the experiment. Minimum F' (Min F') values were derived from these ratios.
The Min F' value for ANOVA over the five conditions was significant at p < .OOl (Min F'(4, 192) = 5.49), showing strong main effects of the manipulations (cf Figure  1) . The following comparisons of conditions are based on post hoc NewmanKeuls analyses on item midmeans, using the error term from the main Min F' analysis.
Global Syntactic Organization
The comparison of responses to Early and Late targets in Experiment 1 confirms 2 While experiment 1 had five conditions, allowing a balanced design with 25 items, 5 of which appeared in each condition on each of five tapes, the third experiment reported below had four conditions. In order to balance the design for that experiment, one of the original test sentences was dropped from the experiment, giving 24 items. However, a tape fault in one version of Experiment 3 meant that a further item had to be excluded from the analysis. This resulted in 23 analyzable items for each subject. For comparability, these 23 items were also the only ones included in the analysis of the first two experiments. A further test of the use of the global syntactic organization of an utterance is provided by the Scrambled condition. Here the phonological phrases constituting the sentences were reordered, prior to recording, thus disrupting global syntactic organization.
Each local phrase was itself syntactically and prosodically well formed, and the utterances as a whole were read with a normal sentence intonation.
Since the test phonological phrases were in the same serial position in these globally disrupted sentences as in the Late sentences, we can directly compare latencies in the two conditions. The mean latency in the Scrambled condition was 389 ms. This was not significantly slower than the value of 378 ms for the Late (nonscrambled) condition (cf Figure 1: The difference between the two conditions was not significant on the Min F' analysis nor on the subject and item ANOVAs, where the post hoc analysis gave a p value of over . 10). The difference between the Early and Scrambled conditions (48 ms) was significant (p < .05).3
Why are latencies in the Scrambled condition not significantly longer than in the Late condition?4 If latencies were faster to Late compared to Early targets because of the presence of a global syntactic structure, then the absence of such structure (in the Scrambled condition) should slow down latencies. On this reasoning, there should be no difference between latencies in the Early and the Scrambled conditions, and both should be longer than in the Late condition. The fact that this did not happen suggests that faster latencies across a syntactically well-formed utterance (Anomalous Prose) can not simply be attributed to its global syntactic structure.
What other source of information could account for these two apparently contradictory results-the serial position effect found here and in Marslen-Wilson & Tyler (1980) which suggests the importance of the global syntactic structure, and yet the absence of an effect due to scrambling the global structure? There are two possibilities. First, the serial position effect could be due entirely to the cumulative effect of successive well-formed local units. Second, in both the Late and the Scrambled conditions the utterances, though anomalous, were recorded with normal sentence intonation, ensuring that the global prosody was intact. It could be this prosodic organization which guides the listener's processing of meaningless but syntactically well-formed utterances. This hypothesis was tested in the third experiment.
Local Syntactic and Prosodic Organization
The remaining two conditions in this experiment examine the role of local syntactic and prosodic information in spoken language comprehension.
The use of local syntactic organization is tested by contrasting syntactically and prosodically wellformed Late sentences with versions of the same items containing a local syntactic disruption. The disruption was achieved, as shown in (5), repeated below, by using an adjective + adverb + noun sequence in the key phonological phrase instead of the normal determiner + adjective + noun sequence (the noun is in each case the target word). This manipulation increased latencies over the Late condition by 45 ms (from 378 to 423 ms, significant on the NewmanKeuls test on the Min F' data at p < .05; see Figure l) , suggesting that local syntactic organization is a source of information which listeners use to develop a representation of the utterance they are hearing. Taken together with the lack of an effect for the global syntactic disruption, these data are consistent with the view that the reason latencies get progressively faster in anomalous prose utterances is that structural information at the local level has a cumulative effect across the utterance.
The phonological phrase was chosen as the unit of local structure in this series of experiments because it is a unit not only of syntactic structure but also of prosodic organization. In the last condition of this experiment, the prosodic continuity within a phonological phrase was disrupted by inserting a short pause immediately prior to the target word (as in (6), repeated below). Global organization and local syntactic structure are preserved. The effect of this disruption is to increase latencies by 73 ms over those for Late sentences (from 378 to 451 ms, significant in the post hoc comparisons at p < .Ol; cf Figure I ). The effect occurs despite any predictive consequences of having test words immediately after such Phonological Disruption.
This Phonological Disruption disturbs the listener's interpretation of the utterance to the same extent as the local Syntactic Disruption.
The difference of 18 ms between these two conditions was not significant.
Moreover, the effect of both types of local violation was to eliminate any advantage of global structure.
Latencies to both syntactic and prosodic local disruptions were not significantly different from latencies to targets occurring in the Early, undisrupted condition (p > .lO on post hoc tests).
In summary, in this study we both replicated the word-position effect in Anomalous Prose and found that it could not be explained simply in terms of the accumulating global syntactic structure of an utterance. Disrupting the global syntactic structure of an utterance did not significantly increase latencies, whether the disruptions resulted in highly marked syntactic structures or sequences which were ungrammatical. In contrast, both syntactic and prosodic disruptions of local structure severely disrupted processing. This suggests that when listeners process an utterance which is not meaningful, the representation which they develop is based on local phrases, perhaps defined both prosodically and syntactically, as were the local phrases in the present study. There is no evidence from these data that the listener's representation spans anything larger than a local phrase, and therefore no evidence that listeners construct a syntactic representation consisting of the hierarchical organization of local phrases.
In the next study we examine the hypothesis that when an utterance is meaningful, the global syntactic structure plays a more important role in comprehension. EXPERIMENT 
2
In the previous study we found that when the global syntactic structure of an utterance was disrupted, monitoring latencies were not slowed down. This led us to hypothesize that global syntactic structure is of relatively minor importance when sentences are semantically uninterpretable, even though they are syntactically well formed. We suggested, instead, that the global prosodic structure of the utterance might be responsible for the serial position effect in Anomalous Prose. The question we asked in this second study was what kind of effect a disruption of global structure would have in meaningful sentences. We might expect that it would have a greater effect in Normal than Anomalous Prose because in addition to disrupting the global syntactic organization, it also disrupts the listener's ability to construct a coherent semantic representation of the sentence. We also compared the effects of local and global disruptions in this study, just as we did in Experiment one. These variables were studied by replicating the conditions we used in the first experiment, with meaningful prose. In all, there were five conditions in this experiment, as illustrated in Table 2 and described below.
Sentence (IO) in the table is the Normal Prose version of the Late Anomalous Prose sentence given as (3) in Table 1 and repeated here as (9). The condition represented by (10) served as a baseline for Normal Prose materials, against which the effects in other conditions were tested. The contrast between Late and Scrambled conditions provides an estimate of the contribution of global syntactic organization to word-monitoring performance. The Scrambled version of the Normal Prose Late sentence in (10) is given in (11). The two local disruptions from the first experiment (Syntactic and Phonological) are replicated here using Normal Prose (as in ( 12) and (13) in Table 2 ), enabling us to examine the effect of local violations on monitoring performance for meaningful utterances. We also included the Late Anomalous Prose condition from Experiment one to provide a measure of comparability of results from this set of Normal Prose materials with those from the previous Anomalous Prose experiment.
This condition is repeated as (9) in the table above.
Method
Materials
We constructed 25 Normal Prose sentences based on the 25 Anomalous Prose items in the Late condition used in Experiment one. To do this, we replaced the words in the Anomalous Prose sentences with other words (of the same form-class) which combined to form a meaningful utterance. The syntactic structure of the Normal and Anomalous Prose versions were identical, as was the position of each phonological phrase and the target word within each test phonological phrase.
As described above, there were tive experimental conditions, four of which were Normal Prose replications of the corresponding conditions in the Anomalous Prose experiment.
These were Late, Scrambled, Phonological Disruption, and Syntactic Disruption.
(We did not include an Early condition in this study since the serial position effect in Normal Prose is amply documented (Marslen-Wilson & Tyler, 1980; Tyler, 1985) .) The fifth condition consisted of Late targets in Anomalous Prose.
Design
Five test tapes were constructed following the same procedure as described in The maid / was carefully peeling / the potatoes / in the garden / because during the summer / A HOT KITCHEN / is unbearable to work in (11) Scrambled
Because during the summer / in the garden / was carefully peeling / the potatoes / the maid / A HOT KITCHEN I is unbearable to work in (12) Syntactic Disruption
The maid / was carefully peeling / the potatoes / in the garden / because during the summer / HOT VERY KITCHEN i is unbearable to work in (13) Phonological Disruption
The maid / was carefully peeling / the potatoes / in the garden / because during the summer / A HOT // KITCHEN AT NOON / is unbearable to work in the first experiment. The same number and distribution of fillers were used in the two studies.
The experimental procedure for this experiment was identical to that for the first. Thirty subjects, who had not participated in the first experiment, were taken from the same subject pool and paid for their participation.
Results and Discussion
The data analysis was the same as for Experiment 1. The same 23 items were analyzed, extreme values were removed, and midmeans were computed on subject and item RTs. ANOVAs on subjects (Fl) and items (F2) were used to compute a Min F statistic. The overall Min F' value (Min F/(4,194) = 11.85) was again highly significant (p < .OOl), with condition means distributed as in Figure 2 .
The condition included for control comparison of this second experiment with the first, Late Anomalous Prose, had a mean RT of 363 ms. For the same condition in the first experiment the mean RT was 378 ms. These data were compared statistically by taking the item midmeans in this condition, reexpressing them as a ratio of the experiment mean (since a different distribution of conditions existed in each experiment), and subjecting them to a matchedpairs t test. The difference between the means was not significant (t(22) = -0.79).
Global Syntactic Organization
The mean RT for Late targets was 3 13 ms and for Scrambled targets it was 339 ms. This difference of 26 ms was not significant on the Newman-Keuls analysis when the Min F' error term was used. However, it was significant at the .05 level on both the item and the subject analyses. In contrast to the effects for Anomalous Prose materials, the scrambling of Normal Prose sentences does slow down monitoring la- tencies. Presumably this is partly due to the disruption of the semantic global organization of an utterance. Although the meaning of each phonological phrase remains intact, the listener is unable to develop a coherent semantic representation of each utterance.
Local Syntactic and Prosodic Organization
As in the first experiment, the use of local syntactic structure is tested by contrasting well-formed Late sentences with versions of the same sentences which contain a local syntactic disruption, as in (12) in Table 2 . This disruption had a significant effect in Experiment 1 for Anomalous Prose, and it also considerably increased latencies here in Normal Prose sentences. The increase of 114 ms in the Syntactic disruption condition (to 427 ms) over the Late condition was significant at p < .Ol on the Newman-Keuls analysis.
This type of disruption has a much larger effect for Normal Prose materials (114 ms) than it does for Anomalous Prose materials (45 ms). This is because the adjective + adverb + noun sequence in the key phonological phrase ("hot very kitchen" in Normal Prose and "slow very kitchen" in Anomalous Prose) creates a local scrambled string in both Anomalous and Normal Prose. This is reflected in the almost identical RTs to the two conditions. The mean RT for Syntactically disrupted targets in Anomalous Prose was 423 ms whereas it was 427 ms in Normal Prose. Since the undisrupted baseline RT in Normal Prose is faster than in Anomalous Prose, a syntactic disruption increases latencies over and above the undisrupted case to a much greater extent in Normal Prose compared to Anomalous Prose. Disrupting local prosodic information also significantly slows down latencies. This type of disruption breaks prosodic continuity within a phonological phrase by introducing a slight pause immediately before the target word, as in sentence (13). Global prosodic and syntactic organization and local syntactic structure are preserved. The effect of this disruption in Normal Prose is roughly equal to that for Anomalous Prose. In Normal Prose, latencies to targets in the phonological disruption condition (385 ms) increase by 72 ms over targets in the Late condition (313 ms). This increase is significant on the NewmanKeuls statistic based on the Min F' data at p < .Ol. Similarly, there was an increase of 73 ms between the corresponding Anomalous Prose conditions.
The prosodic features associated with the pause introduced at this point suggest the closure of a constituent (Briscoe, 1984; Briscoe & Warren, 1986) . However, the syntactic structure being developed to this point is not complete; in the case of both Normal and Anomalous Prose the utterances closes (prosodically) after the adjective of an incomplete noun phrase or prepositional phrase, the nature of the phrase being signaled by the first word (determiner or preposition). The fact that in the Normal Prose materials the semantic interpretation of the whole utterance is also delayed seems to matter little, as the increase in latencies is equal for the two prose types.
Note that within the key phonological phrase, the two prose types do not differ in their semantic incompleteness at this point. Thus there is no semantic anomaly in either "/ very slow //" or "/ very hot //" in the above examples, and so we might expect subjects to be equally affected by the disruption in both prose types if what they are doing initially is integrating information at this local level. This seems to be supported by the finding here of an effect parallel to that for this condition in the first experiment.
The absolute difference between the latencies for the condition in the two experiments reflects the presence of a global semantic representation in the Normal Prose case.
In summary, these results for Normal Prose demonstrate that, just as was the case for Anomalous Prose sentences, violations of local structure have a much larger effect on word-monitoring performance than violations of global structure. However, there are two ways in which the effect of the manipulations differ for the two types of prose material.
First, the scrambling of phonological phrases (and thereby distorting the global structure of the sentence) had a greater effect for Normal Prose materials than for Anomalous Prose utterances. Second, local syntactic violations had a larger effect in the Normal Prose experiment than was found for Anomalous Prose, while the two prose types showed an equal effect of the local prosodic disruption.
One possible explanation of the first difference, that is, of the differential effect of scrambling phonological phrases on the processing of Normal and Anomalous Prose sentences, is that the prosodic structure of an utterance is distorted by any kind of global disruption.
This could be a disruption of global semantic structure (as in Anomalous Prose) or in global syntactic relations (as in the Scrambled conditions). If this is indeed the case, then we would expect RTs in the Normal Prose Scrambled condition to be slower than the baseline provided by the Normal Prose Late condition. Also, RTs in the Anomalous Prose Late and Scrambled conditions need not differ, since the baseline Anomalous Prose Late condition would itself be affected by prosodic abnormalities.
Since this is the pattern of results we did in fact obtain, we tested whether the relevant utterances were spoken with a normal declarative sentence intonation.
We did this by comparing how the utterances from the different conditions could be structured, prosodically, into intonational phrases. We can think of the intonational contour across a normal declarative utterance as having an overall downward slope in pitch, with occasional resettings, that is step-ups in pitch, producing a sawtooth intonational pattern (cf Ladd, 1983; Vaissiere, 1983) . The teeth of the saw correspond to the way in which the utterance is structured, prosodically, into intonational phrases. A comparison of the intonational phrase structure of the Normal and the Anomalous Prose materials and of materials in the Late and the Scrambled conditions thus gives us an indication of the overall comparability of the materials. If these materials are similarly structured in terms of intonational phrases, then their global prosodic structure can be said to be comparable.
The intonational phrase contains one or more complete phonological phrases. its acoustic correlates are that it ends in a drop in pitch, possibly with a slight rise signaling that the utterance will continue, and there are usually pausing effects (lengthening of syllables as well as silence) between intonational phrases. While there are a number of restrictions that have been posited for the intonational phrasing of an utterance (cf Nespor & Vogel, 1983; Selkirk, 1980 Selkirk, , 1984 , there remains a considerable amount of flexibility, such that performance factors may determine the way in which the speaker "breaks up" the utterance (Gee & Grosjean, 1983) . If the intonational phrase structure of the Anomalous Prose materials is not different from that of the Normal Prose utterances, this is evidence that the Anomalous materials were not spoken with an abnormal intonation pattern.
To test this, we analyzed written transcripts of the Normal Prose Late materials in terms of the permissible and expected locations of intonational phrase boundaries, as defined in metrical phonology (Nespor & Vogel, 1982 , 1983 Selkirk, 1980) . The expected locations formed a subset of the total permissible intonational phrase boundaries and corresponded largely to clause boundaries (e.g., Since the couple wanted to modernize their house /I . .), the ends of preposed adverbial phrases (Just before winter // . .) and embedded relative clauses (if their big tent II not yet tied down /I is meant . .). Second, we analyzed the spoken utterances themselves for their intonational phrasing, and marked the actual boundaries on the transcripts. All 49 actual boundaries were at permissible locations, 43 of which corresponded to the expected boundaries. Since each Normal Prose sentence from Experiment 2 was constructed using the same syntactic frame as its Anomalous Prose counterpart from Experiment 1, the Anomalous Prose materials could be compared directly to the same permissible and expected intonational phrasings. Of the 52 intonational phrase boundaries which were produced by the speaker, 51 were at permissible and 41 at expected boundary locations. It would thus seem that the Anomalous Prose materials were spoken not just with legitimate but also with appropriate global prosody.
Lastly, we compared Late and Scrambled utterances in both Normal and Anomalous Prose in terms of intonational phrasing. Since there is no global syntactic or semantic structure to the Scrambled utterances, it is not possible to derive expected intonational phrase boundaries from the transcripts. As an alternative measure of the well-formedness of the global prosody of these utterances, we measured the mean number of phonological phrases in each intonational phrase, since this gives an indication of whether the utterances are organized into similarly structured intonational phrases. For Normal Prose Late materials, this was 2.54 phrases; for Scrambled, it was 2.51 phrases. The Anomalous Prose materials had the same mean intonational phrase length in both conditions: 2.51 phonological phrases. This suggests that the intonation contour over the utterances was similar in the two conditions.
Given the finding that the intonational structures of the Normal and Anomalous Prose materials do not differ, we conclude that longer RTs for Scrambled utterances in Normal Prose but not in Anomalous Prose are not due to prosodic differences. Instead, we attribute them to the fact that, in Normal Prose, scrambling phonological phrases also distorts the global semantic structure of the utterance.
The second difference between the results for the two prose types was that the violation of local syntactic organization had a larger effect in Normal Prose than in Anomalous Prose. In contrast, disrupting the prosodic structure of a phonological phrase had similar effects on both Normal and Anomalous
Prose. We hypothesize that a syntactic disruption has a greater effect in Normal Prose because it disrupts both the syntactic and the semantic structures within the phrase. This means that in both Anomalous and Normal Prose the test phonological phrase in this condition consists of a sequence of words which are essentially random word order, for example, slow very kitchen and hot very kitchen in Anomalous and Normal Prose, respectively.
EXPERIMENT 3 The first two experiments revealed that listeners' ability to construct a representation of an utterance is severely impaired when local structural relations are violated, while it is only slightly affected by the disruption of global syntactic and semantic relations. In particular, scrambling phonological phrases, which maintains local relations but disrupts the global structure of the utterance, resulted in only weak effects on RTs. However, as we showed in the preceding section, these Scrambled utterances do have a normal global prosodic structure.
In this third experiment, we tested explicitly whether this prosodic patterning provides global structural information which subjects use in developing a representation of the utterance. To test this hypothesis, we examined the effect on word-monitoring latencies in both Normal and Anomalous
Prose of retaining the global syntactic structure of a sentence while disrupting its global prosodic contour.
This required four experimental conditions, two within each prose type. We used the Late Anomalous Prose and the Late Normal Prose conditions as baseline con-ditions. For the other conditions we restored the Normal and Anomalous Prose Scrambled sentences to their correct global syntactic structure. This was achieved by splicing the digitized speech wave form to create the normal word order of the Late sentences, as in (9) and (10) in Table 2 shows. The result of this was to disrupt prosodic relationships between phrases. Local prosody and local and global syntactic structure remained intact. We called this the Prosodic Disruption condition.
If the effect of scrambling phonological phrases is weak because prosody is nevertheless preserved, then when the global prosodic structure is disrupted, monitoring latencies should increase. To the extent that the significance of syntactic and prosodic structure varies as a function of the presence or absence of a meaningful interpretation of an utterance, the pattern of latencies within the two types of prose will vary. so as to construct strings with the correct syntactic structure (corresponding in structure to the Late condition). For example, (14) below (corresponding to (11) in Table 2 ) is rescrambled to produce the Prosodic Disruption version of (15), with the same syntactic structure as the Late sentence (item (10) in Table 2 ). Because during the summer I in the garden / was carefully peeling / the potatoes / the maid I A HOT KITCHEN I is unbearable I to work in.
Method
(15) Late/Prosodic Disruption:
The maid / was carefully peeling / the potatoes / in the garden / because during the summer ! A HOT KITCHEN I is unbearable to work in In constructing these reordered versions, care was taken to eliminate splicing "clicks" by imposing overlapping window functions over the closing and opening portions of sections to be joined. Pauses were always taken to belong to the preceding section, that is, as part of the conjunct of prosodic features accompanying the closure of a phonological unit (cf Warren, 1985) .
The order of phonological phrases and the position of the target within the test phonological phrase were the same in all conditions.
From these materials we constructed four versions of the materials, each with six test sentences in each of the four experimental conditions.
Thirty-six filler items were pseudorandomly distributed across each version. These fillers were similar in structure to the test items, but included early and late verb and adjective targets as well as nouns. The order of test and filler items was constant across the four versions. These versions were recorded and pulsed as described for the first two studies. Six subjects were tested on each of the four test tapes.
Design
Procedure. In this study, reaction times were controlled by a minicomputer. The timing pulses were placed, as before, on the nonspeech track of the tape to coincide with the onset of the target word. These pulses started the computer clock. The computer then monitored for response signals from the reaction buttons, and stored the reaction times on computer disk.
Subjects. This study was run at the Department of Experimental Psychology, University of Cambridge, using 24 subjects from the MRC Language and Speech Group subject pool. Subjects were paid for their participation.
The testing session lasted 25 min.
Results and Discussion
Extreme reaction times were removed, and midmeans computed for items across subjects and then for each subject across items, under each condition.
The results are shown in Figure 3 . These midmeans were entered into ANOVAs for subjects (Fl) and items (F2) The results show a significant effect of Prose Type (Min F'(1,33) = 5.27, p < .05), with Anomalous Prose (340 ms), on the average, 38 ms slower than Normal Prose (302 ms). Targets occurring in sentences spoken with normal prosody were responded to faster (310 ms) than those occurring in sentences containing prosodic disruptions (331 ms). This difference was significant on both the item (F2(1,22) = 8.01, p < .Ol) and subject (F1(1,23) = 7.51, p < .02) analyses and at p < .10 on the Min was no significant interaction between prose type and condition.
The significant effect of the prosodic disruption shows that the global prosodic organization does have a facilitatory effect on word monitoring.
It also suggests that the weaker effect found for global as opposed to local syntactic disruptions in the first two experiments was due to the presence of global prosodic information.
When, in the absence of a coherent meaning representation for the utterance, global syntax was disrupted but global prosody remained intact (Experiment 1). monitoring latencies did not significantly increase over the undisrupted case. When the disruption of global syntactic relations also involved disrupting a global semantic representation (Experiment 2), then the presence of an intact global prosody did not prevent a significant increase in latencies. Further, when global prosody was disrupted but global syntax remained intact (Experiment 3), latencies also increased by a small, but significant, amount.
Moreover, since the effects of both global and local prosodic disruptions do not vary with the meaningfulness of the material, it is clear that prosodic information does not differ in its functional value according to whether or not a meaningful interpretation of the utterance is possible.
The effect of prosodic disruptions at both local and global levels can be linked to the prosodic analysis of declarative utterances. The phonological phrase is defined by reference to the head of a phrase which is, in the test phonological phrases of our experimental sentences, the target word. The prosodic structure within the phrase will result in the head being perceptually salient; that is, it will be rhythmically and tonally prominent. The local disruption of prosodic patterning used in our experiment disrupts these prominence relations, regardless of the meaningfulness of the materials. Since reaction times are elevated when the prominence relations are disrupted, we can assume that listeners use the prosodic information carried by each word in developing a representation of an utterance. On hearing each word in an utterance which is both prosodically and syntactically well formed, the listener can evaluate the prosodic structure of each individual word with respect to the representation of the preceding words in the utterance. When the word is the head of a phrase, as in our experiments, the prominence relations between that word and other words in the phrase will help to identify the word as being head of the phrase. When the internal prosodic structure of the phrase is disrupted, the prominence relations are distorted and the listener's ability to recognize the target is not facilitated by its role as head of the phrase.
Each phonological phrase, in turn, forms part of a larger prosodic structure (cf Nespor & Vogel, 1983; Selkirk, 1980) . This is widely taken to be, for English, a tendency towards a declination in fundamental frequency (and possibly amplitude) across the utterance, with overlaid peaks corresponding to the main stressed syllables (cf Cooper & Sorensen, 1981; Ladd, 1983; Vaissiere, 1983) . Phonological phrases are linked together by means of their relationship to each other within this overall prosodic structure. When this supraphrasal prosodic structure is disrupted, individual phonological phrases cannot be linked prosodically, and the listener can not use the global prosodic structure to develop a global representation.
GENERALDISCUSSION Local vs Global Processing Information
The results from the three word-monitoring experiments described above show a clear asymmetry in the relative effects of disruptions at the global and the local levels of structure, when these structural levels are defined in terms of the phonological phrases constituting an utterance.
Disruptions at the local level had a much larger effect than those at the global level.
This was the case for both prosodic and syntactic disruptions occurring in both Anomalous and Normal Prose. Violations of local prosodic structure had an equal effect in both Anomalous and Normal Prose, reflecting the fact that information about the location of the head of a phrase, which is provided by the prosodic structure of a phonological phrase, is not affected by the semantic coherence of a phonological phrase. This type of prosodic information seems to be largely independent of the meaning of the phrase under construction (see the normalized values in Figure 4 ). This suggests that listeners always use prosodic structure as they attempt to interpret a sentence, and that it is not merely used as a fall-back when a phrase can not be interpreted semantically.
In contrast, the effect of a local syntactic disruption was much greater in Normal than Anomalous Prose (Figure 4 ), most probably because the particular syntactic violation we employed reduced both Anomalous and Normal Prose to random word order. This is supported by the fact that local syntactic violations produced the same absolute latencies in both Anomalous and Normal Prose.
Violations of global structure had a very weak effect. Indeed, disruptions of global FIG. 4 . Mean monitoring latencies to word targets in the global (scrambled and prosodic) and local (syntactic and phonological) disruption conditions in Experiments l-3, relative to the Late condition in each experiment.
syntactic structure did not significantly increase monitoring latencies in Anomalous Prose. On the logic of the task, this suggests that listeners do not construct a global syntactic level of representation.
If they did, latencies would increase when the information upon which the representation was based was disrupted. These data, then, suggest that the reason why latencies get progressively faster throughout an Anomalous Prose utterance is not due to the overall syntactic structure of the utterance, but rather due to its global prosodic structure. Thus, syntax (when unaccompanied by semantics) is primarily constraining at a local level.
The picture for Normal Prose was slightly different. Although both types of global disruption increased latencies less than either type of local disruption, the global disruptions did significantly increase latencies over the baseline condition. Thus, the global syntactic structure of an utterance appears to play a more important role in processing when it is accompanied by a coherent semantic representation. The role of global prosodic structure, just like local prosodic structure, seems to be impervious to the content of the utterance. However, for global prosodic structure to be effective, the material must be structurally coherent at either a local or a global level. When random word order (where there is no local or global syntactic structure) is spoken with an approximation to a normal intonation pattern (Marslen-Wilson & Tyler, 1980; Tyler, 1985) we do not find a word-position effect. However, it is clear that the structural regularities do not need to be in terms of global syntactic organization, since the scrambled Anomalous Prose condition is the first experiment (which was spoken with a "normal" intonation pattern) did not produce longer latencies.
Prosodic Structure
The results show that disruptions of either local or global prosodic structure make it more difficult for listeners to develop a representation of an utterance. The effect of local disruptions suggests that listeners attempt to organize the speech input into groups of adjacent elements which have phonological integrity.
But can we be sure from these data that the appropriate description of these local units is in terms of phonological phrases? Perhaps any type of prosodic disruption involving adjacent elements would slow down processing. Although we cannot give a definitive answer to this question, there are data which suggest that a disruption of local prosody does not necessarily increase processing difficulty. For example, Mens and Povel (1986) found that when a pause was introduced before a target word, phoneme-monitoring latencies did not increase. Therefore, the fact that a pause before the target word in our studies did result in increased word-monitoring latencies suggests that the pause per se did not affect processing, but rather that latencies increased because the pause split up a unit which had phonological integrity. Therefore, we take our data as preliminary evidence that the prosodic structure of a sequence is one type of information which listeners use to construct local relationships between words as they interpret an utterance.
Do listeners also use global prosodic structure to develop a representation of the utterance? Our data suggest that they do. When the prosodic structure is disrupted (in both meaningful and unintelligible utterances), latencies increase, suggesting that the overall intonational pattern of an utterance is informative to the listener. We suggest that this is because the global prosodic structure provides information which enables listeners to relate phonological phrases together. Whether this linkage is achieved by means of organizing phonological phrases into higher level prosodic units (such as the intonational phrase (Nespor & Vogel, 1983) ) remains to be seen.
Syntactic Structure
Our results suggest that the role of syntactic information in spoken language comprehension is confined to the development of local units which have both syntactic and prosodic coherence. To the extent that a syntactic level of representation is computed, it appears to be restricted to these local phrases. There is no evidence from our data that these local units are combined into a higher level of syntactic structure which spans an entire utterance, even when the material is only interpretable in terms of its syntactic structure (Anomalous Prose). Rather, our results suggest that when listeners hear Anomalous Prose, the representation which is developed is based on local structures-perhaps defined, as we have here, in terms of syntactic and prosodic units-which are related to each other on the basis of the overall prosodic structure of the utterance. This, in turn, suggests that prosody does not play the poor sister to syntax, with prosodic information only used when there are syntactic options, such as syntactically ambiguous phrases. Rather, prosodic information seems to be an integral part of the comprehension process.
When listeners hear a normal utterance (as they usually do except when participating in experiments), the representation they construct is developed on the basis of local phrases which are integrated together by means of the semantic and prosodic relationships between phrases. As each word is heard, listeners use information about the prosodic, syntactic, and semantic relationships between words to construct local phrases which have a coherent prosodic, syntactic, and semantic structure. These local units are integrated into a higher level representation of the utterance on the basis of the semantic relationships between phrases, and the relationship between the prosodic structure within a phrase and the overall prosodic structure of the utterance.
There is no evidence in the data presented here that a syntactic level of representation which spans an entire utterance is ever constructed.
